The coastal environment is affected by Cu and Zn contamination through diverse routes, including antifouling agents, industrial wastewater, and domestic activities. In this study, Crassostrea gigas and Littorina brevicula were used to examine the distributions of Cu and Zn, which are related to the increase in the use of new antifouling agents that have been used for ships since the TBT ban in 2003. The average Cu and Zn concentrations in the samples were 231.8 μg/g and 492.6 μg/g, respectively. Both the Cu and Zn concentrations were highest in the shipyard samples, followed by the harbor sample for Cu and the industrial area sample for Zn. The results indicated that the Cu concentration was affected by the antifouling agents, and the Zn concentration was affected by both the antifouling agents and industrial wastewater. The areas that need intensive control to address the Cu and Zn contamination in major Korean coasts were identified. 
Introduction
In many countries, marine life is used as food.
Therefore, marine contamination is an important issue in many countries. Marine food resources include fish and shellfish, and are mostly collected from coastal waters rather than from mid-sea. Accordingly, contamination of coastal environments will directly affect humans who eat marine food, so such coastal environments must be properly controlled.
Coastal environments are contaminated by industrial activities, incoming and outgoing ships, and wastewater from residential areas. The heavy metal contamination caused by such industrial activities and incoming/outgoing ships imposes an especially significant burden on the ecosystem. Many countries are continuously studying the contamination of their coastal environments [1] The contamination caused by incoming/outgoing ships is mostly due to the antifouling agents for ship surfaces, which has recently become a big issue. The damage wrought by compounds of tributyltin (TBT), which is the most toxic Sn antifouling agent, led to its complete ban by IMO [2] . The new antifouling agents are also basically toxic, however, and are constantly affecting coasts. They include the pesticides, Cu and Zn, which are used instead of Sn. They are reportedly contaminating the seas around ports [3] .
Therefore, indicator organisms must be monitored to examine the effects of the aforementioned contaminants on marine life. Bivalia and gastropoda are frequently used for this purpose. In this study, Crassostrea gigas, which belong to the bivalia species, and Littorina brevicula, which belong to the gastropoda species, were analyzed.
The contamination of Korean coasts by the two species since the TBT ban in 2003 was examined. The heavy metal contamination sources around the sampling area were classified in terms of four types, and the contamination in Korea was compared with that in other countries.
Materials and Methods

Reagents.
Standard solutions of Cu and Zn for AAS(1000 ppm) were purchased from Joensai. The standard materials were used without further purification. The working solution was prepared daily from the solutions. Nitric acid was purchased from Merck (78%). Deionized water was also used (18 MΩ).
Study area.
The sampling areas were classified into four types based on the contamination sources. A total of 39 samples were taken from 14 harbors, 3 industrial areas, 20 general tidal flats, 2 shipyard areas [ Oysters were extracted using the microwave extraction method. First, 0.5 g of oysters was put in a Teflon vessel for extracting, after which 20 ml of concentrated nitric acid for extraction was added to it and the vessel was placed in the microwave oven. The power of the microwave oven was set at 285 W, and the extraction was performed for 3 min. After the extraction, the entire solution was put in a test tube and centrifuged for 10 min at 4,000 rpm. After the centrifugation, 20 ml of the supernatant was collected and diluted in a 250 ml volumetric flask. The resulting solution was analyzed using graphite furnace atomic absorption spectroscopy (GF-AAS). The extraction method and time for Zn were the same as those for Cu, but only a 5 ml supernatant was collected and diluted in a 250 ml volumetric flask, and the resulting solution was analyzed using flame atomic absorption spectroscopy (FAAS). [ Table 2 ] Operating conditions for Cu via GF-AAS
Analytical measurements.
Recoveries and limits of detection.
To analyze the recovery, 20.0 μg/g and 120.0 μg/g of Cu was added to the standard sample and the real seawater sample, respectively, using a matrix. The replicate analyses of the spiked matrices (n = 3) demonstrated adequate precision with good recovery and repeatability. The mean recoveries (RSD) were calculated to be 98.2 ± 2.4% for Cu and 101.2 ± 3.6% for Zn. The
Cu calibration curves were evaluated at 30, 60, 90 and 120 μg/g, and the Zn calibration curves were evaluated at 120, 240, 480 and 960 μg/g. All showed good linearity.
The limit of detection was calculated via regression analysis, as suggested by the EPA. The detection limits for Cu and Zn were 0.001 and 0.08 μg/g, respectively.
3. Result and Discussion. reported that wastewater with a high Zn concentration was being illegally discharged to Korean coastal areas through broken pipes [4] .
As for the detection frequencies, Zn was detected in all the samples (100%), but Cu, in only 95%. The heavy metal concentrations were below the detection limits in Suncheon (S5) and Jebu (J4). Suncheon has a clean tidal flat that is registered with the Ramsar Convention, and
Jebu is an island has around which there is no major contamination source. Accordingly, the sampling points and adjacent areas showed low Cu and Zn concentrations. of this study seem to support such claim [6] . In addition, the Zn concentration was seemingly lower in the harbor than in the industrial area because Zn is a more minor component of antifouling agents than Cu [7] . Finally, the General tidal flat concentrations were the lowest of the four types.
Cu and Zn levels of each sampling site
Detailed analysis by region
[ Fig. 2] shows the data for each region. In Incheon, a ship repair yard was located in I4, where high Cu and Zn concentrations were measured. In area I5 that is a relatively clean general tidal flat, the Cu and Zn concentrations were 39.2 μg/g and 231.0 μg/g, respectively, which were lower than those in I1, I2, I3, and I4.
In the small Jebu island, three or four small fishing ships were anchored during the sampling. The average Cu concentration in the area was 56.3 μg/g, and the average Zn concentration, 294.8 μg/g, which were lower than those in the other areas.
Asan has large harbors for vehicle import and export.
The average Cu and Zn concentrations in the sample harbor were 109.4 μg/g and 231.0 μg/g, respectively. The results were lower than the total averages (Cu: 231.8 μg/g and Zn: 492.6 μg/g, respectively), seemingly because the contamination was diluted in the harbor areas that were larger than the other areas.
Taean is a fishery harbor. During the sampling in T1, T2, and T3 there, about 10 ships were anchored. The Zn concentration in T3 was 848.0 μg/g, however, even though it is small. This high concentration requires detailed investigation.
In Gunsan, the Cu concentration in G3 was 117.7 μg/g, which is two times higher than in the other areas. The ship repair yard that was somewhat far from this area may have caused the high Cu concentration. In Busan, which had the first harbor in Korea, the Cu concentration was especially high at 571.8 μg/g in B2 and
3,986.6 μg/g in B3, where a ship repair yard is located.
The Cu concentration in B1 was 5.5 μg/g, however,
Comparison of the test results with foreign study results
because the island and narrow waterway sped up the 
Conclusion
In 
